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REMOTE SENSING IN LATIN AMERICA:
TECHNOLOGY AND MARKETS FOR TIHE 1980S
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ABSTRACT

A review is made on the impact of satellite-derived remote
sensing data in Latin America. Data availability has
generated a phenomenal growth in the user community in
Latin America, and new sensor systems planned and proposed
are viewed as a further impetus to an increased market in
the Americas. The international institutionalization of
remote sensing interests in the area is an indicator sub-
mitted as a viable force in the continued, future market
and transfer of technology. The availability of required
training and funding for special projects by these insti-
tutions is reviewed. Proposals are made for special
i.raining to prepare for increased digital and cartographic
applications that will be required in the expanded users'
market of the 1980s.

INTRODUCTION 35 O0
Satellite remote sensing in Latin America is perceived as
a highly promising technology for hemispheric mapping,
charting and natural resource development programs. The
objectives of this paper are to review the Latin American
market for satellite systems that has evolved over the
past decade and postulate a future scenario for the tech-
nology and application areas of the science. These objec-
tives are motivated by a conspicuous observation that
Landsat has been somewhat oversold to the mapping community
in the Americas. There has been a rtsulting tendency for
many of us to underestimate the growing cartographic
potential in digital applicacLions and especially that of
the.future sensor systems.
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THE EVOLUTION OF IENSOR SYSTEMS

Apart from conventional aerial photography and photographic
interpretation, remote sensing is a relatively new field of
study that has emerged over the past 20 years. It has just
been the last 10 years or so that articles and textbooks on
remote sensing have proliferated to comprehensively cover
most of the physical principlussanu scientific and resources
disciplines, their applications and instrumentation on which
the science is based.

The launch of LANDSAT 1 in July 1972 ushered in the onslaught
of satellite earth resources data availability. The LANDSAT
program has since grown in a successful market of inter-
national acceptance concurrent with its evolutidn in techno-
logical improvements for both existing and future operational
data acquisition systems. Doyle (1978) has eocutmented the
essentials and capabilities of most of these -'ystems, with
brief descriptions of the proposed French (SPOT). German
(ARGUS) and Japanese (JEOS/MOS) earth observation satellites
that would complement future US efforts.

The new US systems projected for launch throughout the 1980s
are subject to considerable political constraints. As illus-
trated in Figure 1, the Reagan budget does not include any
system beyond LANDSAT D', the Thematic Mapper. But the
whole future of civil remote sensing systems, including the
transition of LANDSAT from government to commercial hands,
is so wrought with complexities and unknown factors that it
is difficult to accurately predict what operational frame-
work will exist. What is all but certain is that there will
be a dramatic growth in the amount of digital and analog
imagery available for processing and evaluation of earth
resources. Extensive research is currently progressing
throughout all phases of evaluation and testing of the latest
state-of-the-art sensor technology. Much of this research
and development is based on multiple linear array (MLA)
technology as described by Wharton et al (1981), Welch (1980)
and Thompson (1979), among others. These linear array sensor
systems are contemplated for use in planned or proposed
satellite systems such as the SPOT, STEREOSAT and MAPSAT.
The MLA technology will employ a "pushbroca" scanning tech-

& nique whereby the satellite platform containing the linear
"array of detectors will sweep across an image scene by the
forward motion of the platform rather than relying on an
electro-mechanical technique of scanning such as employed
on the LANDSATs 1-3 (and planned for the D series). The
advantages of this scanning mode and sensor configuration
are de.cribed by Thompson (1979) and are two-fold: (1)
complex mechanical scan mechanisms are eliminated and pre-

ik cis* geometric positioning of detectors is allowed; and
(2) the dwell time per resolution element is increased.
yielding increased signal sensitivity and an improved
signal-to-noise ratio. These advantages translate to
greatly improved imagery resolutions, which are no less
than exciting to the potential user community of earth
scientists. Table 1 shows the sensor parametess of the
more prominent of the proposed and planned systems.
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MARKET EXPANSION

Most siguificantly, the new systems will contribute to the
expansion and evolution of the user community to Include
more operational uses of the data in all areas of current
natural resources applications, d-nd much more in cartography
and photogrammetry. The impetus for most of the new systems
came from various sectors such as the geolugic, hydrologic
and cartographic communities, with special demands from the
latter, for greater improvement in reso.ittion. Welch and Marko
(1931) and Chevrel et nl (1981), among others, have pointed
out this cartographic potential of the STEREOSAT and SPOT
systems respectively. The image quality that can be asso-
ciated with 10, 15 or 20 meters IFOV promises adequate
planimetric detail for maos in the scale range of 1:50,000
to 1:250,000. The added stereoscopic capabilities of these
systems hold further possibilities to obtain the so elusive
Z data within sufficient accuracies to meet the formal
mapping requirements for topographic maps at 1:250,000
scale or smaller (100 meter contour intervals) (Welch 1981).
Even more significant is the cartographic potential of the
MAPSAT (Automated Mapping Satellite) system as .proposed by
Colvocorresses (1979). MAPSAT has been defined as a candi-
date for an operational land remote sensing system to follow
the experimental LANDSAT era. From a feasibility stud:' made
for them by the Itek Corporation, NASA (1981) reports that
MAPSAT conceptually includes the capability for 1:50,000
scale mapping with a 20 m contour interval.

All of these data acquisition systems are proposed and de-
signed with the increased user community in mind. They will
all produce data in digital as well as analog form, gathered
at rates varying from 30-100 Mb/s and collected at ground
stations all around the world. All would produce CCTs for
digital processing, and those with stereo capability could
be exploited to generate digital terrain models (DTMs) and
other digital X, Y, Z data products on a world scale. An

* optimistic scenario would envision a world or regional
community of data users procuring near real-time data from
all the systems to provide a combined wealth of improved
resolution with improved spectral range imagery of our
environment. The availability and simultaneous use of
such data would assist the world in general, and speci-
fically the developing countries in Latin America and
elsewhere to obtain an otherwise unavailable magnitude
of relatively inexpensive resource and mapping quality
data.

Market Institutionalization in Latin America.

SShortly before the launch of the first LANDSAT, the Defense
Mapping Agency Inter American Geodetic Survey (DMA ZAGS)
established a joint EROS program with the US Geological
Survey (USGS). Under this program the IAGS commenced to
assist its as3ociate agencies throughout Latin America in
establishing :heir national EROS data centers within the
structure of their mapping institutes. The subsequent flow

Sof LANDSAT im'agery from the EROS Data Center (EDC) through
JV
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tAGS to the Latin American national centers served to
foster considerable interest in this new technology among
our Latin colleagues. Workshops, seminars and formal
training in remote sensing were incorporated in the 1AGS
EROS Program and presented at the tAGS Cartographic School
in Panama and within many of the associate agency countries.

In a rathrr simplistic analysis of this program, it can be
stated that it has been fairly successful in the area of
technology exchange. Hundreds of Latin technicians, cartog-
raphers, photogrammetrists and other earth scientists have
directly or indirectly benefited from the training &nd
special workshops. Small scale LANDSAT composited mosaics
were produced in areas of Central America, Colr-,bia, Ecuador
and Chile. Visual analysis and interpretation techniques
for multispectral data were taught in conjunct n with con-
ventional photo interpretation (PI) expertise employed jith
panchromatic and color aerial photography. Working closely
with IAGS in the transfer of this technology were the USGS,
NASA/NASA EROS Data Center, thý Pan American Institute of
Geography and History (PAIGH) and a number of remote sensing
scientists from other US Government agencies, educational
institutions and the private sector. Multispectral viewers,
cameras and film were purchased by the IAGS and routinely
loaned to the Lat~in American associate agencies for special
projects and studies. Digital remote sensing received little
emphasis by lAGS in the 1970s.

Despite the overall success of the program, a general waning
of interest occurred within the IAGS community during the
latter part of the decade. In our enthusiasm to fill thoc-i
vast Latin American areas devoid of cartographic productsi,
we perhaps oversold the LANDSAT system. We began to realize
that those pretty pictures were quite revealing of some
little-surveyed territories, but were nzt of much cartographic
value beyond limited planimetric and cultural update of

i smaller scale maps (such as aeronautical and nautical charts).
It was not question of LANDSAT not living up to its expec-
tations but rather the concentrated interests of the mapping
institutes in large scale topographic and cadastral mapping.
They were and are not seriously engaged in thematic or natural
resource type mapping programs and they were, for the most
part, not strongly active in map and chart maintenance. The
bulk of the market consequently evolved within those agencies
and organizations concerned with the investigation of natural
resources.

In a 1978 IACS survey of remote sensing data users in Latin
America (which was of limited scope and accuracy) (IAGS,
1978), no fewer than 520 organizations and agencies in
government, academia and the private sector were counted.
According to Adrien and Bartoluccl (1978), the list includes
over 300 in Brazil alone. Concurrent with an enlargement of
the national user community was an increased international
institutional participation in remote sensing activiLies in

r• Latin America. The Inter-American Development Bank (IDB),
the US Agency for International Development (USAID), the
Canadian International Development Agency, the International
Development Research Center of Cana4a (IRDC) and the Canada

I.



Center for Remote Sensing were the morn, :nctIve of these
participants. Adrien and Bartolucci (197R) pro.zent a -ond
synopsis of these international activities through 1979,
which represent a major investment in dollars :tnd pesos
towards special projects, programs and Atudics of natural
resources and the environment. -.Large scale projects and
studies were undertaken, for example, In Peru, Bolivia,
El Salvador, Costa Rica and Cliile, with some degree of
international institutional support. Some of these studies
even included digital analysis techniques.

Other Contributions to the Market.

The technology further spread through greater national
agency participation in sponsoring international. symposia,
special workshops and training programs. For the past
several years there have been at least one international
symposium per year on remote sensing sponsored somewhere
in Latin America. In 1981 at least three have been held
in Brazil, Colombia and Chile. Remote sensing continues
to receive additional emphasis at other inLernational con-
ferences such as the Technology Exchange Week hosted by
IAGS in Panama in 1979 and the planned II Technology Ex-
change Week to be held again in Panama in early 1982.

Another indication of the growing market in Latin America
is the advent of LANDSAT ground receiving stations in
Brazil and Argentina, with interests expressed off and on
in e.exico, Chile, and most recently in Venezuela. These
are also signs of good governmental support for remote
sensing in those countries which confirm a certain commit-
ment to future activities in the use and application of
remote sensing data from satellite systems.

A final indicator of the market in Latin America is the
emergence of technical journals in Brazil, Mexico and Chile
during the last decade and a marked increase in related
literature. As pointed out by Robinson et al (1977) regarding
the growth of cartography, and as recognized by Crane (1972)
regarding the growth stages of a scientific field in general,
-he proliferation of the literature is a good measure of th.
overall development of the science through some four stages:
Stage 1 - preliminary growth period with small increments
of literature; Stage 2 - a period of exponential doubling
of literature at regular intervals; Stage 3 - a period when
the rate of growth begins to decline: and Stage 4 - a final
period where the rate of growth approaches zero. Without
the substance of extensive research this author suggests
remote sensing in Latin America is in Stage I, but quite
close to Stage 2 period of exponential growth. This assess-
ment considers the science as developing in a regional
context and is a valid contention since the Latin American
area '.s dominated by the Hispano-Portuguese language reflected
in the literature of the region.

t



T,&E FUTURE: TRAININC FOR DIGITAL .\*PPt.tc,\rtos

This paper was partially inspired by Spann (1980) who, in

writing of the satellite remote sensin- market in general,
contends that it is on the ver;,e of a draimatic growth

and believes the rapid accelerat.un shotild occur within the
next two to four years. *1is rationale Cor the market expan-

sion runs parallel with what th is paper advances for the

Latin American Market; the advent of improved data quality

and increased and timely availability of data plus their

economic utility (especially to the less developed coun-

tries of the world). Of unique and added significance to

the Latin American market in the future is the commitment

to that market by the international institutions previously

mentioned. These institutions, such as IAGS, USAID and
PAICH, have a vested interest in aiding the American nations

in napping, natural resources and economic development in

general.

Despite the diverse nature of their distinct missions in

the Americas, they are eager to promulgate a variety of

programs oriented towards the transfer of technology to

accomplish those goals. Of all these agencies and insti-

tutions, AID is probably the most visible and active in

remote sensing. -It is developing plans for as yet undefined

programs in Latin America that are beyond its past sponsor-

ship of special workshops, projects and symposia. Until

recently, AID was studying the feasibility of funding and
estahlish-.ng regional remote sensing centers in Latin

America to assist in development problems, provide train-

ing, technical assistance and grants to support local

(national) initiatives and institutions and so on (Conitz,

1978). Paul (1981) reports that the regional center con-
cept was deemed not feasible, and other options such as

continued sponsorship of national and regional projects

are being advocated. Paul (1981) has further stated the

desires of AID to work Jointly with the IAGS and others

to foster technology and programs in remote sensing in

areas of mission overlap between agencies. The presumed

recipients of such programs would be the national mapping
agencies, the agricultural ministries, national universi-

S* • ties, and other national commissions and institutes engaged

in environmental programs for economic and social develop-
ment.

The Training Requirement.

To prepare for and fuel the predicted growth of remote

sensing in Latin America in the 1980s, the fundamental

need for additional and enhanced training of Latin Ameri-

can technicians and earth scientists is recognized. It
will furthermore have to progress at a more accelerated rate

than that which occurred in the past decade, and will include

preparatiou in the growing field of digital applications.
This is not to de-emphasize the visual skills in human image

interpretation. Head (1979), in fact, has reported that

five prominent scientists participating in a 1978 ASP

sponsored panel titled "Occupational Preparation in Remote

Sensing," generally concluded that proficiency in basic



image interpretat ion was the mo'-t important remotc suns Ifl

skill desired. Even those paneiistu with concentrated

expertise in digital imin., e processing ,agreed that there

is no substitute for the eye of a knowledgeable photo

interpreter.

As Spann (1980) has stated. the real future of remote sensing

goes hand in hand with the comptiter revolution and the best

forecast is for an increase of computer image analysis sys-

tems in most application areas. The most recent advances in

computer hardware have produced new generations of image

processing systems with extensive capabilities beyond the

limitations of early systems. Real-time and near-real-time

processing and handling of large data bases of remotely

sensed imagery is now routinely being done with state-of-
the-art friendly, interactive, stand-alone and loosely-coupled

systems. Specialized software is available for unique appli-
cations using sophisticated statistico-mathematical routines
to process, classify and display pixel scenes of LANDSAT and
other remotely sensed imagery on color or grey level output

devices. Just a few years ago, mainframe or minicomputer
based image processing required an investment an the order
of several hundred thousand dollars or more. Micro-processor
based systems can now accomplish the same results and more
(but at somewhat ilower speeds) and can he obtained from a

host of manufacturers for relatively modest investments of
30-50 thousand dollars.

The advent of 16 bit microprocessors and a possible next
generation of 32 bit hardware can be expected to be employed

in relatively inexpensive graphics and image processing

systems. These systems will permit rather large scale pro-
duction programs using remotely sensed imagery and other
geographic data bases. The ultra high speed processing will

1,-.nd itself to the handling of huge data bases (up to 300 N

bytes) and the possible link up or networking of image pro-

cessing systems, thousands of kilometers apart, to share or

even merge data bases will be a routine operation. Digital

processing will permit many new products and rapid service

for the enlarged data user community. The new sensor sys-
"tems will generate the computer compatible tapes (CCTs) of

multispectral, multispatial and other types of digital

imagery for convenient, computer processing operations

around the world.

The training preparation for the growth areas in EDP appli-
cations were further discussed in the ASP panel reported by
Head (1979), and the skills identified as of great value in

,4 addition to PI were: statistics, zomputer sciences and
math through at least calculus. Our Latin American col-

leagues must be prepared to acquire these additional skills.

together with remote sensing, from the many training avenues
offered them through the IAGS, EDC, the Remote Sensing

SInstittite, at universities in the US, and at their national
univer~ities where curricula in thi science are offered.

iI



The IAGS Carto.,rahi i Schou, r

It has been well publicized that the IAC.S Cartograph ic
School has in the last few years come under :i DMA •ead-
quarters mandate to update its curricula tn offer the
latest MC&G technologies to itc: Lat in 11C&GC asociates
and others in the hemisphere. Revised and newLy offered
couraes in remote sensing are currently listed in the
school's 1982 catalog (IAGS, 1932), and are as shown
in Table 2. These courses are subject to some change
in basic content as described in the catalog. They are
currently being reviewed to determine how they can best
be presented to interface with new cartographio technolo-
gies as well as with a newly purchased Image Analysis
System. The latter is expected to be available for
operational use at the school in early 1982. It will
be a stand-alone micro-processor based system with color
video display and some form of hard copy output. It
will be an interactive, friendly system, capab..e of a var-
lety of processing functions to make statistical, super-
vised and unsupervised analyses of digital MSS data. To
further supplement the revised remote sensing courses at
the school, a series of short seminars are being tenta-
tively proposed by IAGS Headquarters to be coAducted or.

a periodic basis for selected managers of the associate
agencies in Latin America. The idea behind these seminars
is to demonstrate digital image processing with the newly
procured hardware/software system, and also to promote new
cartographic applications in both general and thematic
mapping.

The long range direction the lAGS follows in the transfer
of digital remote sensing technology in the Americas will
invariably be in the MC&G applications areas. In addition
to the generation of mapping and charting products, the
satellite imagery will be exploited for the merging with
and analysis of cartographic digital data bases. Programs
of this nature ere already in the making at the DMA pro-
duction centers in the US as reported by Faintich (1979).
The merger of remote sensing data with geographic information
systems, in general, is similarly an emerging and promising
technique of combining data from maps, overlays, air photos/
orthophotos and tabular data with LANDSAT and!or other remote
sensing imagery. The resulting products are assemblages of
data in a multivariate, multitemporal, three dimensional
model of the spatial-temporal world. The process has been
referred to as "landscape modeling" (Tom and Miller, 1980)
and is a good indication of future directions in cartography
and remote sensing.

CONCLUSIONS .1

The billions of picture elements (pixels) that have been
remotely sensed over Latin America in the last decade will
probably be duplicated exponentially in the 1980s. Their
value as finite, spatial and temporal records of the environ-
ment will be incomparable for the investigation and develop-
ment of the natural resources of the region. Their informa-
tion carrying capacity will supersede to some degree the
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conventional line and topographic map. Their natural iurt'ace
imiges will he viewed and used by a new generation of "map"

rejders trained in the Interpretation and comprehension of
non-svmholic cartograplhy. The image products will bf- gener-
ated in ! variety of forn:,, but zrimari1-y from a digital
data base. The imagery will reasonably become the primary
data acquisition soturce of the future for the standard
general map as concluded by Robinson et al (1977). It could
evolve as the primary content of that huge data base which
would conceptually constitute the short-livnd, temporal map

of the future, capable of being displayed on a CRT screen and
altered, manipulated and hard copied for some specific,
immediate use. This image has been termed a "non-map" by

Yoeli (1975), "tenporary map" by Riffe (1970) and "virtual
map" by Moellering (1975).

The optimistic scenario envisioned for remote sensing for the

1980s applies to the world user community in general and most
auspiciously to Latin America. The indicators are all there
for a viable market, vastly expanded beyond past activities
and data usage, and supported by the national and interna-
tional institutions active in the technology transfer.
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